Introduction
============

Sepsis is a systemic inflammatory response syndrome caused by infection, and it has been proven that there are bacteria or highly suspicious focus of infection in patients\' blood ([@b1-etm-0-0-8091]). Currently, the incidence of sepsis is extremely high worldwide and, according to statistics, there are 270 patients with the disease per 100,000 people ([@b2-etm-0-0-8091]). Moreover, the incidence is increasing year by year ([@b3-etm-0-0-8091]). Sepsis is dangerous and has a very high fatality rate, with a mortality of 15.00% ([@b4-etm-0-0-8091]). Due to its high incidence and mortality, more effective diagnosis and treatment schemes for the disease have been explored ([@b5-etm-0-0-8091]--[@b7-etm-0-0-8091]). With the deepening of research and the development of medical technology in recent years, remarkable progress has been made in anti-infection treatment and organ support therapy, but the fatality rate of sepsis remains high ([@b8-etm-0-0-8091]). Therefore, the effective treatment of sepsis is still a major research difficulty.

At present, sepsis is mostly common in intensive care unit (ICU) and usually complicated with organ dysfunction, so the treatment of the disease is difficult ([@b9-etm-0-0-8091]). ICU patients with sepsis are clinically treated by sedative treatment, because of the great discomfort and pain caused by invasive operation for ICU patients ([@b10-etm-0-0-8091]). Studies have shown that traditional anesthetics propofol, midazolam and dexmedetomidine have strong sedative, analgesic and certain anti-inflammatory effects on ICU patients with sepsis, and they can relieve the anxiety and discomfort of the patients ([@b11-etm-0-0-8091],[@b12-etm-0-0-8091]). According to Fernando *et al* ([@b13-etm-0-0-8091]), propofol has a better anti-inflammatory effect on rats with pneumonia. Yamamura *et al* ([@b14-etm-0-0-8091]) have reported that midazolam and dexmedetomidine have high safety during mechanical ventilation of patients with sepsis. Studies worldwide are usually limited to the sedative treatment with anesthetics, and which drug is the most suitable for ICU patients with sepsis remains controversial. Therefore, the effects of propofol, midazolam and dexmedetomidine on the sedative treatment of ICU patients with sepsis and on arterial blood gas (ABG) were analyzed in this study, in order to determine the most suitable drug for the sedative treatment and provide reliable guidance for clinical practice.

Patients and methods
====================

### General information

In total 429 ICU patients with sepsis, admitted to Renji Hospital, School of Medicine, Shanghai Jiaotong University (Shanghai, China) from May 2015 to January 2019, were selected as research subjects for a prospective analysis. There were 308 males and 121 females, 43--76 years of age with an average age of 56.15±10.84 years. The study was approved by the Ethics Committee of Renji Hospital, School of Medicine, Shanghai Jiaotong University. Patients who participated in this research had complete clinical data and signed informed consents were obtained from the patients or their guardians. Inclusion criteria: patients who met the diagnostic criteria for sepsis ([@b15-etm-0-0-8091]); patients who needed sedative treatment; patients who had complete medical records; patients who had good compliableness; patients with complete medical records; patients who cooperated with the arrangement of the medical staff in this hospital; and ICU patients. Exclusion criteria: pregnant women; patients who were allergic to drugs; patients with heart failure (≥ grade III); patients with renal failure (Rifle criteria ≥F); patients with hepatic failure (total plasma protein, \<30 g/l; bilirubin, \>85 mol/l); patients with brain death; patients who were transferred to another hospital; patients who were bedridden for a long time; patients with mental illness; or patients with physical disability.

### Methods

All patients received basic treatment, such as, anti-infection treatment, correction of shock and improvement of microcirculation. On this basis, 152 patients who were treated with propofol (Aspen Pharmacare; 1% w/v) for sedation served as group A, 146 patients who were treated with midazolam (Jiangsu Nhwa Pharmaceutical Co., Ltd.; SFDA approval no. H10980025) for sedation served as group B, and 131 patients who were treated with dexmedetomidine (Jiangsu Hengrui Medicine Co., Ltd.; SFDA approval no. H20090248) for sedation served as group C. Patients in group A were continuously pumped with propofol using a micro pump at 0.05 mg/kg/min for analgesia, during which the patients were intravenously injected with propofol with a loading dose of 1--3 mg/kg for 30--60 sec. After that, the patients were continuously pumped with propofol using the micro pump and the dosage of medication was 0.5--4 mg/kg/h. Analgesic treatment for patients in group B was the same as for group A. After that, the patients were continuously pumped with midazolam using the micro pump at 0.05 mg/kg/h with a speed of 1 ml/h. Analgesic treatment for patients in group C was the same as for group A. After that, the patients were intravenously pumped with dexmedetomidine with a loading dose of 1 µg/kg/h for 10 min, and then continuous intravenous pumping of dexmedetomidine for sedative treatment was carried out at 0.2--0.7 µg/kg/h. Diastolic blood pressure (DBP), systolic blood pressure (SBP) and heart rate (HR) were recorded before and after treatment in all three groups. Arterial blood was extracted before and after treatment from the patients of the three groups for blood gas analysis. Venous blood was also extracted from the patients of the three groups, before and after treatment, to detect cardiac troponin T (cTnT) and creatine kinase-MB (CK-MB).

### Observation indexes

For blood pressure function, DBP, SBP and HR were recorded before and after treatment; for blood gas function, the arterial partial pressure of oxygen (PaO~2~) and arterial partial pressure of carbon dioxide (PaCO~2~) were recorded before and after treatment; for cardiac function, cTnT and CK-MB were recorded before and after treatment; the sedative effect was evaluated using APACHE II score ([@b16-etm-0-0-8091]); the wake-up time, the length of ICU stay, and the adverse reactions during the sedative treatment were recorded. Incidence of adverse reactions = (number of adverse reactions)/(total number) ×100%

### Statistical analysis

SPSS 24.0 (Beijing Strong-Vinda Information Technology Co., Ltd.) was used to statistically analyze the experimental results, and GraphPad 8 (Softhead Inc.) to plot the figures and check the results. Count data, such as sex, were expressed as rate and Chi-square test was used for their comparison within groups. Measurement data, such as DBP and SBP, were expressed as the mean ± standard deviation and t-test was used for their comparison within groups. One-way analysis of variance and LSD post hoc test were used for comparisons between multiple groups. P\<0.050, was considered to indicate a statistically significant difference.

Results
=======

### Comparison of general information

There was no significant difference among groups A, B and C in age, body mass index (BMI), white blood cells (WBC), red blood cells (RBC), platelet (PLT), sex, place of residence, ethnicity, combined diseases, surgery and chemotherapy (P\>0.050), indicating that the three groups of patients were comparable ([Table I](#tI-etm-0-0-8091){ref-type="table"}).

### Comparison of blood pressure function

There was no significant difference among groups A, B and C in HR, SBP and DBP before or after treatment (P\>0.050). After treatment, DBP and SBP in the three groups were significantly higher than those before treatment (P\<0.001); HR in the three groups after treatment was significantly lower than that before treatment (P\<0.001) ([Figs. 1](#f1-etm-0-0-8091){ref-type="fig"}--[3](#f3-etm-0-0-8091){ref-type="fig"}).

### Comparison of blood gas function

Among groups A, B and C there was no significant difference in PaO~2~ and PaCO~2~ before or after treatment (P\>0.050). Also, there was no significant difference before and after treatment in the three groups in terms of PaO~2~ or PaCO~2~ (P\>0.050; [Table II](#tII-etm-0-0-8091){ref-type="table"}).

### Comparison of cardiac function

There was no significant difference among groups A, B and C in cTnT and CK-MB before treatment, as well as cTnT after treatment (P\>0.050). After treatment, cTnT and CK-MB in group A were 0.62±0.08 and 2.68±0.88 ng/ml, respectively, in group B were 0.63±0.12 and 2.63±0.84 ng/ml, respectively, and in group C were 0.64±0.15 and 2.16±0.44 ng/ml, respectively. After treatment, cTnT and CK-MB in the three groups were significantly lower than those before treatment (P\<0.001), and there was a statistically significant difference among the three groups in CK-MB (P\<0.001). After treatment, there was no statistically significant difference between groups A and B in CK-MB (P\>0.050), while in group C the value of CK-MB was significantly lower than that in groups A and B (P\<0.001) ([Figs. 4](#f4-etm-0-0-8091){ref-type="fig"} and [5](#f5-etm-0-0-8091){ref-type="fig"}).

### Comparison of sedative effects

There was no significant difference among groups A, B and C in APACHE II score before treatment and length of ICU stay (P\>0.050), whereas after treatment, there were statistically significant differences among the three groups in the wake-up time and APACHE II score (P\<0.001). After treatment, there was no significant difference between groups A and B in APACHE II score (P\>0.050), while in group C the score was significantly lower than that in groups A and B (P\<0.001). The wake-up time in group A was significantly longer than that in groups B and C (P\<0.001), and the time in group B was longer than that in group C (P\<0.001) ([Table III](#tIII-etm-0-0-8091){ref-type="table"}).

### Comparison of adverse reactions

The incidence of adverse reactions was 3.95% in group A, 4.79% in group B and 3.82% in group C, without a statistically significant difference among the three groups (P\>0.050) ([Table IV](#tIV-etm-0-0-8091){ref-type="table"}).

Discussion
==========

Sepsis is an extremely common malignant disease, which poses a great threat to the life of ICU patients ([@b17-etm-0-0-8091]). Its main pathogenesis is infection-induced severe systemic inflammatory response, which usually causes multiple organ damage and failure ([@b18-etm-0-0-8091]). Sepsis complicated with myocardial damage is very common due to the extremely significant effects of toxins rich in septic bacteria and inflammatory mediators induced by the bacteria on myocardial cells ([@b19-etm-0-0-8091]). Sepsis bacteria can cause mitochondrial structure damage, mitochondrial calcium overload and oxygen-free radical damage of myocardial cells, which may cause decline of the cardiac function, vascular endothelial damage and blood flow reduction in the early stages of the disease ([@b20-etm-0-0-8091]). Therefore, it is essential to evaluate the influence on cardiac function in the sedative treatment of sepsis. Propofol, midazolam and dexmedetomidine, as clinically common anesthetics, are widely used in surgical anesthesia and important for the sedative treatment of sepsis. Their therapeutic values have been recognized, but their differences in the sedative treatment of sepsis remain unclear. A study by Abdelmalik and Rakocevic has shown that propofol is a protective factor for septic respiratory failure ([@b21-etm-0-0-8091]), and the study of Zamani *et al* has revealed that dexmedetomidine can improve the survival time of ICU patients with sepsis ([@b22-etm-0-0-8091]). However, there are few comparative studies among the three drugs. The present study explored the most suitable drug for the sedative treatment of ICU patients with sepsis through rigorous inclusion and exclusion criteria and in-depth comparison of observation indexes, and therefore it is of clinical significance. In the present study, there was no significant difference among groups A, B and C in HR, SBP, DBP, PaO~2~, PaCO~2~, cTnT, CK-MB, and APACHE II score before treatment, and in DBP, SBP, HR, cTnT, and length of ICU stay after treatment. After treatment, there was no significant difference between groups A and B in APACHE II score. APACHE II score in group C was significantly lower than that in groups A and B. In the three groups, the indexes after treatment were significantly better than those before treatment. These findings suggest that propofol, midazolam and dexmedetomidine are effective and safe for the sedative treatment of ICU patients with sepsis, but dexmedetomidine has the best effect. This is similar to the findings of Chen *et al* ([@b23-etm-0-0-8091]) and Sonneville *et al* ([@b24-etm-0-0-8091]), both of which support the results of this study. There was no difference in HR among the three groups, suggesting that the three sedation methods had the same effect on patients\' cardiac function. As an α2 adrenergic receptor agonist that mainly acts on the α2 receptor in the locus nucleus ceruleus of brainstem, dexmedetomidine has sedative and analgesic effects on the nerve activity and an inhibitory effect on the sympathetic nerve through activating the α2 receptor ([@b25-etm-0-0-8091]). Sepsis damages the myocardial cells mainly through mitochondria. Therefore, the mechanism of action of dexmedetomidine may be that the activation of adrenergic pathways through the α2 receptor, accelerates the metabolism and production of glucose in the body, and then supplements and reconstructs damaged mitochondria in time, thereby relieving patients\' pain and anxiety and protecting the myocardial function. Propofol plays the role of analgesia mainly through inhibiting the hypothalamus-pituitary-adrenal axis and reducing cortisol secretion ([@b26-etm-0-0-8091]).

Cortisol is closely related to the human perception and immune function. According to a study, cortisol binds to the surface receptors of immune cells and blocks the downstream signal transduction, causing the secretion and metabolism of inflammatory cytokines ([@b27-etm-0-0-8091]). Therefore, the protective effect of propofol on myocardial function may be related to the inhibition of cortisol. The inhibition of cortisol secretion reduces the activity of inflammatory cytokines, and other mechanisms of action do not arise through mitochondria, so the protective effect of propofol on patients with sepsis is less significant than that of dexmedetomidine. This is also the reason for the differences in the present study. Midazolam has typical pharmacological activity of benzodiazepine and anxiolytic, sedative, hypnotic, anticonvulsant and muscle relaxing effects, with a very high plasma protein binding rate. It is mainly metabolized by binding to glucose and then excreted by the kidney in the human body ([@b28-etm-0-0-8091]). The liver and kidney functions of ICU patients are more likely to be inferior to those of other patients, so the effect of midazolam on the ICU patients may be poorer. Therefore, midazolam is not suitable for the sedative treatment of ICU patients with sepsis. The results of this study revealed that the myocardial function of patients in group B are poorer than that in group C, which has been confirmed. There was no significant difference among groups A, B and C in the incidence of adverse reactions, which indicated that propofol, midazolam and dexmedetomidine are safe and feasible for the sedative treatment of sepsis.

This study compared the values of propofol, midazolam and dexmedetomidine in the sedative treatment of ICU patients with sepsis. However, the exact mechanisms of action of the three drugs were not verified due to limited experimental conditions. Therefore, further exploration is needed. Also, although there are various ICU patients, only a few ICU patients with sepsis were included in this study, so there may be differences with other types of patients.

In summary, propofol, midazolam and dexmedetomidine are effective and safe in the sedative treatment of ICU patients with sepsis, but dexmedetomidine has the best effect on protecting the blood pressure and cardiac functions, which is worthy of promotion.
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###### 

Comparison of general information \[n (%)\].

  Factor                  Group A (n=152)   Group B (n=146)   Group C (n=131)   χ^2^ or F value   P-value
  ----------------------- ----------------- ----------------- ----------------- ----------------- ---------
  Age (years)             55.27±11.26       54.98±11.57       55.09±10.84       0.025             0.975
  BMI (kg/cm^2^)          21.87±5.37        21.26±5.08        22.05±5.86        0.824             0.440
  WBC (×10^9^/l)          9.24±2.85         9.63±3.04         9.55±2.77         0.754             0.471
  RBC (×10^12^/l)         5.83±1.26         5.98±1.53         5.77±1.30         0.879             0.416
  PLT (×10^9^/l)          284.62±36.24      278.66±35.25      280.69±31.09      1.157             0.316
  Sex                                                                           0.846             0.655
    Male                  110 (72.37)       101 (69.18)       97 (74.05)                          
    Female                  42 (27.63)        45 (30.82)      34 (25.95)                          
  Place of residence                                                            0.891             0.640
    City                  127 (83.55)       116 (79.45)       108 (82.44)                         
    Countryside             25 (16.45)        30 (20.55)        23 (17.56)                        
  Ethnicity                                                                                       
    Han                   144 (94.74)       136 (93.15)       126 (96.18)                         
    Minority                8 (5.26)        10 (6.85)           5 (3.82)                          
  Combined diseases                                                             2.141             0.995
    Tumor                 74 (48.68)        66 (45.21)        65 (49.62)                          
    Severe pneumonia      32 (21.05)        27 (18.49)        26 (19.85)                          
    Severe trauma         15 (9.87)         16 (10.96)        12 (9.16)                           
    Severe cholangitis    12 (7.89)         15 (10.27)        11 (8.40)                           
    Severe pancreatitis   8 (5.26)          10 (6.85)         9 (6.87)                            
    Diffuse peritonitis   11 (7.24)         12 (8.22)         8 (6.11)                            
  Surgery                                                                       0.597             0.742
    Yes                   75 (49.34)        69 (47.26)        68 (51.91)                          
    No                    77 (50.66)        77 (52.74)        63 (48.09)                          
  Chemotherapy                                                                  0.523             0.770
    Yes                     34 (22.37)        29 (19.86)        25 (19.08)                        
    No                    118 (77.63)       117 (80.14)       106 (80.92)                         

BMI, body mass index; WBC, white blood cells; RBC, red blood cells; PLT, platelet.

###### 

Comparison of blood gas function.

  Blood gas            Group A (n=152)   Group B (n=146)   Group C (n=131)   F value   P-value
  -------------------- ----------------- ----------------- ----------------- --------- ---------
  PaO~2~ (mmHg)                                                                        
    Before treatment   75.23±6.84        76.18±7.05        74.39±6.97        2.300     0.102
    After treatment    76.52±6.79        75.18±6.84        75.33±7.14        1.669     0.190
  PaCO~2~ (mmHg)                                                                       
    Before treatment   38.94±6.85        39.14±7.04        39.20±6.90        1.368     0.256
    After treatment    39.08±6.54        38.68±6.97        37.84±7.10        1.180     0.308

PaO~2~, arterial partial pressure of oxygen; PaCO~2~, arterial partial pressure of carbon dioxide.

###### 

Comparison of sedative effects.

  Variable                     Group A (n=152)   Group B (n=146)                                             Group C (n=131)                                                                                          F value   P-value
  ---------------------------- ----------------- ----------------------------------------------------------- -------------------------------------------------------------------------------------------------------- --------- ---------
  APACHE II before treatment   18.67±4.26        19.02±4.63                                                  18.87±4.30                                                                                               0.237     0.789
  APACHE II after treatment    14.82±2.05        14.63±2.28                                                  11.67±1.69^[a](#tfn3-etm-0-0-8091){ref-type="table-fn"},[b](#tfn4-etm-0-0-8091){ref-type="table-fn"}^    103.324   \<0.001
  Wake-up time (min)           120.37±28.15      98.75±21.39^[c](#tfn5-etm-0-0-8091){ref-type="table-fn"}^   71.57±22.36^[c](#tfn5-etm-0-0-8091){ref-type="table-fn"},[d](#tfn6-etm-0-0-8091){ref-type="table-fn"}^   142.308   \<0.001
  Length of ICU stay (days)    7.82±3.25         7.93±3.52                                                   7.75±3.35                                                                                                0.101     0.904

P\<0.001, compared with APACHE II score in group A after treatment

P\<0.001, compared with APACHE II score in group B after treatment

P\<0.001, compared with wake-up time in group A

P\<0.001, compared with wake-up time in group B. ICU, intensive care unit.

###### 

Comparison of adverse reactions \[n (%)\].

  Adverse reaction      Group A (n=152)   Group B (n=146)   Group C (n=131)   χ^2^ value   P-value
  --------------------- ----------------- ----------------- ----------------- ------------ ---------
  Heat                  2 (1.32)          3 (2.05)          2 (1.53)                       
  Chill                 0 (0.00)          1 (0.68)          2 (1.53)                       
  Fast heart rate       2 (1.32)          2 (1.37)          1 (0.76)                       
  Nausea and vomiting   2 (1.32)          1 (0.68)          0 (0.00)                       
  Total incidence (%)   3.95              4.79              3.82              0.200        0.905

[^1]: Contributed equally
